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Urn Author tftkec this c^p^sortunit^ to AzpreAS bln 
Appr«oi«td(m to FroXoAsor l!«rb*rt J* BjuXl For hla dlreotlca} 
And AASiAtAncot And to thAidc FroFoetor Henrj thasaj I'or hlA 
Advioe AQ(! AAsietAnce In tho laborAtor;'* AltOi to thAnk 
C* A* 3peno«r oX ti» I«lci«0firlr9 Burner CXinton« 

bAAAAohoaKittA f oT Xurnldhlns th» mui^as of virA neth UAid 
la th« hAAle t«AtA of fliiuie X« 






7h« purpoM or this ms to dovoXop fto &ccar«t9 

oJf prmtlctin^ air flow itatwi^h voven labrico o£ viriouQ 
aaterliiU and bavii:^ varied constrootiona* Ttm theaia is mda 
op of two phases* Hjtss I deals with vorificatioa oT basic 
U»K3rr ao ajiplisd to lire msii. House II severs the ssdo 
veriTioatlon as applied to iSbriew in gsnoral* 
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Th« staadKCNS pnoffuro drop across a fabric ossd to 
twascro air Ho* is C.5 inohts of wtsr* Caloulatli^ tha 
vslodLl^ of soch a drop glvws ths foXlowingf 
V • 2 £h 

^ W (2 )jl3^«.2. ,f tr«l „ ft* 

floc* j2i57 

With such a low velocity^ tbs How of air ihroui^ 
ths fabric is a viscous or strsdUnc flow with no turbulacco, 
furthansoro, ths quantitj of air gstting through is detor^dasd 
ths smllsst area of saoh Intsrstiee* 

ASSU238 a thftorstieal plane through the fabric which 
would pass through ths ss&allsst crossHseotlonal area of each 
hols or iatsrstlcc* If it wsr^ poaeiblsi aocuratsly> to 
<stloulats ths area of Interstices ^ this piano > ths r&volt 
would be offeotlvs air spacer or that air epaco throu^^ which 
the air is passing to get Srosx ont sido of the faii^c to ths 
other* Ateuning solid sods and plcks» the air can get tiurough 
ths fabrle onl^ bf paeoing through thews intersticss* An 
acc\£T«te mthod is pres^tod hsrein to cseasuro tho % air spaoo 
throu^i ^lis thsoretloal plAno^ and a correlation of this % 
air spaoe and air flow at ths 'vsit' low 0«5 inch drop across 
the falric is also presented to support the above theory* 
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ao«ho8 bftvlng tho oimiricAtions givtm in the table beXows 
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ms ua«<3 in ^s« I qS this 

ti^ls Is dMsribcd in E&search r«psr Ho» 261 of Burmu 
oT entitlsd, “A i^tAbXs iKstnment *er iBOAGurls^ 

Atr PomsAbilUj* of r*bric«» H* F* SohioXer* (Sm P, 1 0 
X 02 * iHusitzmticsu) 

Ths XAbcrlo to tested Is smated under slight 
tension betmen the fabric orifice xlngs (dismter of op@nii^ 
2*7$ Inchesy area of openii^ $m9h eqocuro iiiches)* The out«a' 
ring mighlng tiiree pounds is placed over the fabrior acUng 
as a slight pretatalonlng device • The fabric Is then held 
In place hy neass of the clasp* Air is drasn tiroiigh the 
fabric and thronsh the calibrated air orifice by s»at9s of 
eucUon fan* the speed of the suction fan aoior s^ch Oram 
air throogh the fabric and the two chachors is ecmtroXled by 
two rheostatsi a high roeistance one for rapid changes in 
Sipoed* and a lev resictstnoe one for fine changes <n* adjust* 
mnto* ?iio nanomitcre are filled with a epecial nnd 
mllbrated with tbds oil to read in toxt3 of Inches of mter 
pressure* The pressure drop acs^ce the fabric, masurtd 
the inclined nanoaeter which has a slope of 1 to 10, is 
brought to 0*5 inch of water by adjusting the speed of tlM 
ruction fan* The presoure drop aeross the air orifice is then 
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Qot«d on thd vertical soaocoter* The rolxme o£ olr poxaing 
is oaleulated froR thie value and the calibration data ot the 
orlfloa* The air pera6&bllit}r ai the fabric is expressed In 
cubic fset of air per ninute per square foot of fabric at a 
pressure drop of 0*5 inch of oattr across the fabric* 




Pig. III. 13. National 

Bureau of Standards 
Air Permeability 
Machine. Above: 
Machine as Made by 
Sherman W. Frazier. 
Opposite: Schematic 
Diagram of the 
Machine . 

Courtesy Sherman W. 
Frazier 
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!Thft Apparatus set 'q} as sbotm in schupstlc 
<ilagra£i oa Rsgo I0# A special sponge rubber rlr^^ or 2 inch 
thlckaecs sas placed under the t^velcd ring and U)e clasap ms 
thsa lon^ared iato itXacoi the object of the spcuags rubber beiag 
to Incurs that no air ms being drasn froa arouad e^%ss oX 
the noah. It ms IcperaUvs that this air tlj^ht arrangccant 
bs oads so that ssasoremnt of air £2mr rtpressntsd onljr Umt 
air oosdag through the labrlc orifice itself* 

A further variation of tbs basic machine s«t-^ ms 
necsssarr to obtain the desired 0*5 inch drop across the loesh* 
The original fabric crlflcs had an area of opening of 
square lnehes> this area being too great to effect the ckudred 
pressure drop* to get the dssirsd drop» special round pap^nr 
cadXices ranging froei 0*5 square inches to 1 square inches (in 
increnenta of 0*25 square ineJusa) mrs oat fr«5 heavily waEod 
paper and elated over the laosh beiii^i; tooted* 

FlMi air fleer readings for sach peq^r orifice on each 
ass!i mre taken* Average valuae sere then calculated £cse each 
orifice on each of the twelve taoslies* !Theee data are recorded 
on Pages ) ^ through I > samarisod on Pags^o^ and shown in 
graphical fors on Pages 2 .iT tittroughSC* The ealibrated air 
orlfioes used were those of 6*05« 6*15> and 11*00 nau diaaeter 
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lu:^ n conutAnt 0*5 Inch Crop mo ooii'itiaimd ooroes the 

CoXcuXatl«uj wero itim m6a to sSotcnsine t5"^ pur cent 
Air opAco Xor ooch c$sh lAOCid on arsd of the luterstlces* 
Alto, a correlation bctecen per ot-nt »lr tpacc tad tir flctr 
mt ntdo to fora t ibttlo for torth&r lnve«ti£«tlon of totml 
Xthrlct of tUsHiar conttruction to tMt of the trire nosh* 

Flott oa Btc«t 2. iT tbreugh 3 ^ wtro atide as follows t 
artrtgs air flow for each aesh was the ordinate, w^le ths 
abscissa was paper orifloo area* Least o<psBTo» eq[uations 
waro aalcttlatad as s!^wn on Paga^^ and ths straight line 
plots were thus derived for each of ths twelve wire washes* 

The 1^0 1 on Paso 3 7 vitB laads by aarely transferrli^ each of 
the twelve least s<}uaro8 lines to one cem>n graph, each of 
the twelve Uses being Xabolad to show a speoiflo wire nesh* 

To arrive at the plot oa Page 3? , the air flow values for each 
of the twelve raosbsa were plcdsod off cf tee plot on Page 3 7 
for the 3 is^ paper orifice, and these values ware plotted 
against the por cent air space corresponding to each of 
the twelve aeshes* This gave twelve |K>ints frost wiilch to 
oaloalate a least squares line for the 3 in^ paper orifice* 
Siailar procedure was used to plot the 2 in^ orifice lino and 
the 1 oriflse line* 

The average equation was calculated froa tee data 
of the plot on lNLge3?* 3 ix^ line and the 2 in^ lias 



wtre r$duc«<i to a oocaon Imse sel«eted b«ing 1 Id?* 

Pa^fo S'? ohova U>a caXculAtion froa vhioh the aver&^d aquation 
wa derived* Plot on «aa t^ien aade oi' per cant air 

•pace V8* air floir* 
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jTor Per Cmit Air 3paco 



t!is A^LIotd»£; I'ors:^ iiiae iflim!lop<ed Xo2* tlm oa1oulU-> 
tlon of per c«»t Air cpAOd tl>^ theoretlCAl pl&a#« 

(1) t 0 t«I Artm. » Ar«A ot « Air Spiice At«a 

Lotting totH AT^sA » X square Ineb 

(2) 1 ir»2 « area oX wire Cia2) • air s^ce (in?) 

This air space oaa be axprcaaod in ^ by ains^ 
taultlplyine; 100* Vo find the area oT «ire« 
use the ends aitd pic!k» per inch la which case 
the XoxtJiuIa will twad 

(3) Air Space » 1 •((iiads/iach){<ii5C3*wire) (Bxjk»/ii^)(dla3a«itire) 

- (2nd8/iiich)(Ficka/lnch)(diaa.^^^ 

Vhc (Sncht/ii3«jh)(PjU5ks/inch)(<?ia^ corwscta Xor oaa 
of the two artsas included at each wire iotewfectioa* 
t?3irc XoTEJala (3) to wdculata Air 3pac« oX tha 
Q X *02^ diaa« wire saoeht 
(3) 1 - (1(8)(,02^k3)-y- (0H.O26O) - (8)C0K,G2iiO)5 « 

1 • 0727 » 0*6273 or 62.73^5 Air Spaoa 

Stailttr ealculatic^ were nade on the othar mshes. 
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3g;^?la Cfclculatlorui for Lawuit SQUAreo jaatmtioa 



U»1a 5 dftta £ar the 3 x 6 « .0260* IZoth - 3«« plot 



Air Flow Total Area OeXtim 
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(.5x5) 


2.50 


6.25 


2,01*0 


1,161 


J*75 X 5 


3,75 


1 U.06 


1»,360 


1,1*27 


(1,00 X 5) 


5.00 


25.00 


7,135 


1,721* 


(1.25 X 5) 


6.25 


^.06 


10,600 


2,088 


(1.50 X 5) 


7.50 


56.25 


15,600 


2,322 


(1.75 X S5 


8.75 


76.56 


20,300 


2,653 


(2.00 X 5) 


10.00 


300.00 


26,^30 


3,055 


(2.25 X 5) 


n.25 


127.00 


3l*,500 


JjM 


(2.50 X 5) 


12*50 


356.00 




«eT • ^,651* 


sx • 


67.50 


« &t),lS <sxf 


• 163,665 


^ I « 


iJa -»- b<5X 




sixY • aiX -+ 


b^X 



lQ,6$k »hS*A-h 6^,$ 163,665 • 4 67*5 h 600.1S 



(67.5)00,651* - 67.5 b) « 

1 . 260.000 • 1*,550 b « 

27.000 b • 1*,S50 b » 

22,1*50 b » 

b * 



(1*5K163,665 - 6cX).l8 b) 
7,350,000 - 27,(XX> b 
7,350,000 - 1,260,000 
6,0^0,000 
271 



18,651* - Ij 5 a -t- b 67.5 
a » 18,65b ^18,200 




a » 10.1 



Straight line equation y * a ba 
X^eat aqgaree eqmiixm y ■> 10.1 271 x 
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^.^l 
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£i| liJS'l? 
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| v.l IimXM ^^41 

4 ^«&l » f 



' a ac. i 7 * 1# • 

% t^ask ^ i ^ 
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" 5^4 f J « • T ? 

a y 




A 



* 3 



(a tl.4^ • ^.Cinvu;/ • v4 

oorri^.t « 4tbi4» 

flt • a 



4 - / Quu,ft 

4 tfblM 



» - 1 - f Ai * ifea . i £ 




a a a % 

a xrt 1 ^ • f 



/* m ^ Ai . i ,^ ai ^ fA 4 ^ 
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Saaple CalcuXatlone for Imat jSqufcrg» 



£quatioa for pl»t oo Pftga 

0eln£ dKta for X jia? Oriilca 





g.A%.|g*2i 


Mr flour 
1 


£ 




il^ 


8x8 


6z^n 


281 


h90 


78,361 


17,600 


lOx 10 


63*20 


27? 


3,99h 


7ii,523 


17,250 


XlixUi 


SX-8i* 


2SSb 


2,0Cf 


62i,Sl6 


X3,lOO 


30 X 30 


^•22 


337 


2,620 


56,162 


12,130 


XS xlB 


fiX*0X 


2X0 


1,630 


yi,10O 


8,620 


UO X 33 


ii2»00 


206 




li£,ij36 


8,650 


2kx^ 


39*7h 


131 




36,m 


%m 


80x so 


37*70 


1?6 




:^,376 


6,6li0 


X20 X 3m 


37.50 


171 


Xfi406 


23,2!a 


6,l3£i 


30 X 16 


3l*.XO 


1^ 


i,2j63 


26,2Ut 


5,520 


0 X ^ 


31*32 


1^ 


1,020 


23,7X6 


h,no 


h$ X 


31*30 


X5h 


i,oia 


23,7X6 


b,880 


Uo i^rncn 


0.00 


0 


- 2 


0 


2, 



? S 52lf?6 £t 2$h^ fX* S33L»0S$^3ET XX3»3^ 



^Zr»a2X -+- b§x2 

22i^ a 23fc +b^*76 XX3,3?0 • «Sal*.76 -t- b2li,3l6 

(52lt.76)(2,l4^ • S2U.76b) « (X3)(X33t3^ - 2!i»3l6b) 
X,29hOQO - 275,000b • X,b7li,070 - 3l6,X0ei> 

l*l,10eb • 16X,070 

b » 

a » 

X5 

» • X2.3 y * a-^ la: 

y « 12*3 + h*lm 

Sistllsr cid^il&UonQ £(ff 2 Xi)^ 3 lo^ d«ta* 
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i:S 
% s:9 

Sa 

ifc*-, 

«Cktu h€kl^h^^^^ xx 9^jm 

^^4 a^ tx4_-i 0g ^ * 

■MLJjyr^ - « •ilgyi2^:'^ii.« 

<Ait«ji - «ii,aiiiui • (4if ^ 

^Ait "igM: 3M‘-*ww 

id » 4 




^UCt«x 
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2 h 



MTgalg CftlcolRyloxai -» Coc!friol<fmt Gec!:‘ral&tlon 



UolAg data for 1 ix^ QciXic^ £<>md m 



■ eg - 

^ , I13,3j?0 - {I3)ao*i*)(lS?*y) 



X ai 



* lj0.ti 




ICS?.? 






^ « 2XW7Q > ??, 73 $ 

'"1^,316 - 21,2103 Jj??l»0S5 - tj68,eo63 
^ 1 ^3,<S$5 

YC30?S3 [^.27SQ 



^ l?2,?liO,3y; 




T 



0*93 



(Slslls):* c»l<;mlftU<mi for tl'^ S and 

3 Crlfioe data* 




PAPER ORIFICE (SQ.niCH) 



1 



i 



i 




PAPER ORIFICE (SQ.INCH) 







I 

i 

I 



i 




PAPER ORIFICE (SQ.IRCII) 






I 

i 



I 

I 



\ 




PA?I:R 0,'iIPICL (SQ.IIICH) 




PAPER ORIFICE (SQ.IHCH) 



i 









i 











■ '-Mi 




3.0 



A. 

i 



i 



i 




PAPliR ORIFICE (SQ.IIICH) 



i 

i 



I 

i 



i 






• • Pirn -i y 



4 

t 




PAPER ORIFICE (SQ,I1ICH) 



I 



I 

i 



i 




?APi:H OHIPin (S.i.IlICH) 




I 










) 



< 











A 

■■■ 



i 

I 







3.0 




I 



i 





(r ,..iNc:o 




AIR SPACE 



( 



I 



i 








CAlouXatlcosi Tor Avoi^«£« l^uAt4.<>9 








If X ss 0 


If X * 70 






I » 


y «t 


3 ln2 


y « 1{2.2 13s£ 


!t2.3 




2 3h2 


y » >7*1 S.^ 


37.1 


^32*1 


1 


y • 12#> -V b,j*5jt 


3i2«3 


320.3 



t v»Iue« S 37 3>, 2» ao4 1 



For X«0 I m 


ll»«l 




ia.6 


Total 




At«pn»^ 


i<;.o 


For X • 70 I • 


317.i» 




315a 




32^.3 


Total 




Aircraga 


317.9 


y • A -hbat 




IS ■ • + <W(o) 




»7.? • a + (b)(70> 





> 02.9 » 7 «» 

b • li.> A » 15 



Avsr«ji;» ISqmUont jr <• 35 2t«3x 






-^ t^K * 1 i 
tmt£ •% Vl X 

4 iCii MC^t^iiiM 

^ *T W« 

iiS Ml 

i.fJX • T ^ •xmn 




tWW - 

C9 « 











AIR SPACi: 



nuaj:> I 




tti* ^txsi th$ plot ca fug* ^ ^ 

(y » 15 li*3 x) o«a bo wood jks Uss tbaarottoxl foraal* for 
th« n.o«r oi* ftlr tbrougb «ir» bavins; a arang# of air spuau 
botmmx yo^ and 70$ «lth groai aceuraey* 

Aaaosw tba ealculatiKi % air apa<^ to ba itl^* 
(Beferring to tht plot on tho lal^ vaXua haa tbo 

hlgbaat dariatloo iron tbo loaot equaraa line and nould r«pr»» 
eont tbs siaxiaeai error for tbe Using tsaiad*) Tba a«t\ial 
flow valus for 1 in^ orlflcs o£ ibSM bl£ air apace a30b> taken 
froa the plot on 39 i« 210 £%^/!^/ain 0 theoreUoal 
Xl£m taken Xrcat tb® plot m Page 4- o la 1?1 



Uelng tbo Uworetloial avomi^o eq^tion ao a chackt 



y « IS ii*3 X 

y • 15 ih*mm 

y « 15 ^ ^ 

y - m.i 

The per cent error tor this mxi]%as deviation lot 



The aotoal flow value for 2 in? orifice on the 
air apace mah is bl5* The theoretical volite would be 
2 X m.l or 362.2. 



The actual flow value for 3 ^ orifice on the bl5 




% Ikror • 







|b 1 ttflVI I > 



» ^ v» ^ ^ 

4<»V «T U« K< M gi i 



Mpp «»c % ^a>w i 

kc .it^V9\W% m o -A# 

,k^i|^i\jt(n :<I %* 0 iL^ 'iT- t:5 •*->'t — m 

k VJl i^iWv 

* c 

C44\U a • t 

• i?r^ • 

MV M) twAi W € «■* «ii2i# «A <Mi» 

«t.W V» • M f 




& H u 



air «pacd mah. 1« 625* 



Tbe t^&or«tloaI. valua wcnild b» 



3 X mo • 573.3. 



% Smsr 



51 ^ 3.3 




?.CS5 



^D&klng th«i artuTaiEo $ «rrcr it la found that th» 
mxisem arror baetd on actual tost cosidltions is 9*lTi* As 
statad beforo# this rsproseats ths mxteua poeslbie dsylatlon# 
and as supported the eosJCficienta oT eo»mlatlon of 0«^S^ 
0*97$ and OOS fiar t^jo 1 iw^> 2 in^$ and 3 oriXiooe 
i^ttod CHI Fags3f » the chataoss of «rror bol£^ of this 
stt^oltude are slii^U 

Since i30st l^^ics lesuXd not have acd^e than 70% air 
spaoa it is not nsc«s«ar7 to predict the slope of the currs 
of plot on Fago ‘t'® b<^os«l the 70% point. Ikmvar, there are 
nanor fatrios that eiU fall ia Ute range £rot& 0 to 30 $ air 
space. XooHng at plot m lago'to | the <krived avertg^o 
equatlen line cuts the 7«sxis at 15* Actually^ the flow at 
0^ air space nust be 0. 7bus» for theorotlcal calcolati^ 
of air fleer, tho dotted portion of the cvunro Xroo 0^ to 30$ 
air spaca has been used. As shoim, the derlatioa £rs» the 
average equation line is slight* 

In ouMOins the ooneXusions of Bukse 1$ it is luer 
possible to prodiot eithla very slight «rror the XXor of air 
through nix's neeh ranging Xtod 0;S to 7Q| air space* It io 
jart^xssed to apply this basic equation aad Hia plot m lags ^ ® 
to various Xabrios in Ihase II* 



• iM • 1 





1*3 



mss n 

irrrgoEgctia? 



A9 «Epl4Unod In tbit Tb«c^ on an aocurata 

a«tho4 at oalculat4J3S cp*c« throng;h the theoretical plane 
of t!)d Xibrio la noceesso^. l^e ^ > la {^lYcn the fomHa 
ijuioil to calculate thla air s«>&ce for wire noth* Ztn uso in 
neat valaabli as a^^llcd to visa oeoh# otrKse t3» diaiaeter fd 
Vio wire in the theoretical pli^ actual wire dlajuntcr 

as measured a set oT calipers* However* eiaen passing £rcw 
wire oech to fatric, it la otvious that t!'a* (iiiuaetera of tha 
ends and picks Ifing in the tbeoreticitl plam of fabric 
my be gz^tar than the diamters set up in the loco, llmra 
at^ be a natWnins ent effect iMch irouXd reduce air space* 
‘Ibero «ay be stom coatiz^ put on the yam to increase Its sice 
or sono finishing or praesln^ process say have altered the 
affootiv© area of Intczvtlce* 

Therefore* it ms neceomry to devise a<sm nothod of 
calculating offactlve area la the li»oretical pl&m for fairice* 
The projection of a minified imge of the falrlc upon a screen 
mo dacided upon fsr thla purpom, tfith a im^floation of 250* 
It ms found tijat this taagJilf ioatdon gave a clcsar cut picture 
of the actual emmt of air ogam in tbeorctlcal plane «l*an 
the faiaica mro projooietl onto the screen. 



Ths catlctil»tlon of Air B^aco be In 



ono o£ teo vB^St by tslcing the ft-mas® diiu»at«r of 

eadte a^id picl» os seen ttmliir 250 m^nlficatlon; end ‘idns the 
forxala dereloped for wire rash, or V dfttsrrdrdjjg ths aroaa 
of lnt.?vatlcca thenoelvsa, as soon pro^nctica* air 
5 ®uMi 2 ^ tliro-4gh th& fabric If pernlttod to paso o«3^r thrcrj^^ 
the inter® tic«s «ho«n «adsr mgjilficaUoa, grovltliaa tbit tbo 
ends and pick® are iolld enuTd^h In constniction to «hor as 
a solid cylindBZ’ >mder 250 nagnlflcatioc* Thlc reetriciion 
precludes the posfiblltty of air |>assine through the jarn 
itself* In addition to this restriction^ it utas nscssaary to 
select fabri.cs ^ose interstices had sosio seablanoe of 
unlforsity and regularity in order to get an accurate saasurs 
of air space through the thsoretleal plane* 
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Mi 



r " 



•I 





9im 





UATiliXAL 



Tha s^coad pbaae o£ ^eas don» cn seven 



Tabrics «elt3Ct*)4 uadsr tlie resirictlonc; dissussed in th« 
lAti*oducti<i*i oa llo attsispt cade to datersKlas 

tho type of or or finish, or <o^' ot£ior ph;fsicaX 

aspect of fabric* If tho sads and piol;s appeared solid 
Tjuwlor 2S0 laagnific&tiim and tdio iatarsticos »sro rogalar cad 
-unifora, tbe f&brio 'onis put to the tout* Listsd bolcrr arc 
the seven fabrics scloctsd, vith of ends and picks 

p«r inch b«ii^ tbs onl/ Iddutifyins chnractoristlct 



Pabrlc 



Eada/Inch 



Plcks/lach 



3 

I 



1 



a 



5 

6 



69 

7k 

76 

62 

51 

27 

2li 



78 

90 

120 

7h 

h$ 

26 



7 



22 



A^S^ABATSS 



^ Air p 0 rmablllty wbs a^n u»od in 

?lmm XI ct this thotia. 3^ addition^ the projeotim viiaxr> 
seopo irttli a iMi^XjUsatrion of 2^ ims \nMK3» 7be pi^wse cr 
ooruXar tna ard tbs ohjeotivo lens laui 12«5^« 
adjusting tb« dUtonoe tvom the nicrooe^ to the soreca t^)on 
nhich ^ isage ma prejeoted^ It ma poeaihia to arrive at 
the 250 aagnificaticxi* The lightiz^ eac ineldent ll|ht £rot& 
a 500 mit td.ero»in»Klnator* The msvma upon which the 
Inage «ae projected taui graph paper with apace# to the 
inoh» £rm idiloh readlK^s in tantha ol irnhea could he read 
directly. 



4 





hi 



To vorlT/ the ooun<in96S of th« uee of the porojeotion 
atrstoa end to further «i^>port the correotneet of the air i^ce 
forsmle ee applied to the elre ss^^h, awreral of the Hire 
aoi^s wre firet toetod ttndor projection to obtain $ air apsoe* 
Five ma!soa acre projected under te® 2^ nagnlfleatico, tho 
dlacatezi? of onde and pdckSn amt the and eldths of 

interatlooe iioro .nwurartsd {data -on Fa^i-i aad^o)* ^ ikLc 
apace -aac then calculated (aee ) and ildt % air apace 

aaa then coqpared idth that found in fboim I (?a£er7)« 

After VfHTlficatlon of the uae of the projeotion 
aethod (eeo Fas#^~7)# the moct atop aaa to place each of the 
Mven fahrlce xiader the projection apparatua* 31noe the air 
apace eas k > aaall cof^iared to the aite of the euda and plcka^ 
and ajUx»e the field of Tieic»r me Halted, the dluaster of the 
3rame of fabne #1 only could be aeaaured* In addition, the 
lensthe aikl widths of intoraticci of fabric 01 were eaaaured* 
This data appoare on Page S' i • For fabrloc 2 Uiroas^ 7$ lengths 
and widths of intantloea only were saasured* lach reading was 
taken with the fabrlo in a new poeitlocu These data appiar on 
Pagea^i and5T3, The jg air space for each of the ouven fabrics 
ms calculated aa id^jOsn on iag«(r^. 
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JLftar calcaXating tb« % «paoa tbs 
jT*lrtc«f air flov wis stsMuredi plAclng oach XaUric on 
tbs air |>er»eabillty aashlna anC obtaining air Xlcnr at 0»$ ^aoh 
drop by using; four paper oriflc® openlngi, 1 Z ia^, 3 
and $*9h ia^« fh« air flm data for «aah of tha fabrioa 
i^oara In th« Bunoary of ^ta on A plot of tlsa air 

flow vor»tt« paper orifice caning data ) aao con- 

structed for etudbi fabric on ib& consolidated plot of Bage^Co , 
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yira - rro.lftctlan llaihod 



Interstio# 



60 X 50 


Ilagnified 






•0070« Wir« 


Uof'tii » 


mdUi • 


IdAottor • 


1 


2,7 


3.2 


1.7 


2 




3.3 


1.6 


3 


2.L 


3.2 


1.8 


li 


2.6 


2.9 


1.7 


5 


2.7 


3.0 


1.7 


6 


2.2 


3.4 


1.7 


7 


2.1 


3.1 


I.B 


d 


2.4 


2.0 


1.0 


? 


2.4 


2.0 


1.7 


10 


2.6 


3.3 


1.7 


n 


2»li 


3.3 


1.6 


12 


2.5 


2.9 


1.8 


11 


2.2 


2.6 


1.8 


14 


2*2 


3.1 ' 


1.7 




2.6 


3.3 


1.6 




2.5 


3.3 


1.7 


17 


2*5 


2.9 


1.2 


le 


2.7 


3.2 


1.9 


19 


2.3 


3.4 


x.a 


20 


2.2 


2.9 


1.7 


TOTAL 


48.0 


62.1 


35.0 


A?IBA3£ 


2.U*« 


3.11" 


1.75* 


ACWAL 

TALUSS 


m . .0090“ 


3.11 -.0124* 


1^5 > .0070" 








! 

I 



I 






Wiro Leah 



Itoikod 





Length •* 


JiaGRiried 
«idth « 


fifed 

XJlnaetar * 


30 X ^ 

.sy0^5* ^flr« 










6.01« 


6.(^** 


2.33" 


Acro^ 

VALOSS 




• •02li" 


• .00?3* 


18 X 10 
.OX??" W?T# 








A?moj 


?,00« 


S?.Q0» 


li.OF 


ACmL 

tfALUuS 


® .036** 


- .036* 


s .01?5" 


2Uxtk 
•Oia* Wir* 








AVoMOa 


6.2* 


7.0* 


3.S7* 


ACmL 

VAIUES 


^ » .02li6* 


X ,o2g« 


« .0155* 


120 X 101 

.0035** tir# 








AV£m.; 


1.18« 


1.68* 


0.85* 


ACT0AL 

VAIMS 


*C0li7*» 


• .0057" 


• .C03ij* 



^ 1 




(f 






•w 




1 


^Wl 


*9VI 


•%i«f 




VkA^*^ 


4'%» 

k ‘ 

4 


• 

♦ ^ 


•V4, 




"ft4 


vr 




• ^ 


•a- 




•Uu 
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FAbricg « {■'rojeotioa Method 



Interstice 



AViSSAOii 

ACTSiL 

uum 



■•00?62« 



X . 93 VJ 

•. 00775 « 



3TiC #1 




JMCniiTiod 


KegniXied 


> X 70 


Length ■ 


•nidth » 


Dti^ater *• 


1 


2.8 


2.0 


1.3 


2 


2*6 


2.1 


1.1* 


3 


2.2 


2.1 


1.3 


h 


2.3 


2.0 


X.k 


5 


2.7 


1.7 


1.0 


6 


2.3 


X«0 


1.1 


7 


2.6 


1.7 


1.5 


d 


2.U 


2. 3 


1.1 


9 


2.9 


1.7 


1.3 


la 


1.9 


2.1 


1.5 


11 


2.U 


2.0 


1.E 


12 


2.1 


1.8 


1.2 


13 


2.3 


1.7 


1.5 


lU 


2.3 


1*7 


1.0 


15 


2.2 


1.8 


1.0 


16 


2.8 


1.8 


1.3 


17 


2.6 


1.6 


1.2 


10 


2.0 


2.1 


1.3 


12 


2.0 


1.9 


1.5 


20 


2.5 


1.6 


1.1 


21 


2.9 


2.0 


1.2 


22 


3.0 


2.1 


1.1 


23 


3.0 


2.1 


1*5 


2 h 


2 ,h 


2.2 


1.8 


25 


2.6 


2.0 


1.3 


26 


2.6 


1.6 


1.2 


27 


2.6 


1.9 


1.8 


28 


2.5 


2.0 


1.3 


29 


2.5 


2.3 


1.2 


30 


2.2 


2.0 


1.5 


31 


2.1 


1.9 


1.0 


32 


2*2 


1.7 


1.1 


33 


2.3 


1.9 


1.5 


3^ 


2.3 


2.3 


1*2 


35 


2.0 


2.2 


1.8 


36 


2.5 


2.0 


1.3 


37 


2.3 


1.8 


1.0 


30 


1.9 


1.7 


1.1 




1.9 


1.9 


1.2 


fo 


2.0 


2.0 


1.3 


:4L3 


96.2 


77.5 


50.6 



1*265 

•*0051* 



52 



y<abirloc - Injection litotho4 

Fmljrio #2 7 k x 90 m ^ ms ) #3 76 at 120 Fabrto lit 62 * 7li 

l^nlTltd Xato'eticoa £^»lXi«d Xnteraticsft liftgtiii'ltd Int^rsticds 
Roftdiiva Ungta * Width ” lamth « Sldth » Ungth « isidth » 



1 


1.6 


1.2; 


0.6 


0.3 


1.2 


0.9 


2 


2.0 


1.3 


0.6 


0.3 


1.2 


0.6 


3 


1.9 


l.b 


1.1 


0.2 


1.3 


0.8 


U 


1.5 


1.3 


0.6 


0.1} 


1.2 


0.7 


5 


1.6 


1.5 


0.9 


0.1a 


1.2 


0.7 


6 


1.6 


X.li 


1.0 


0.3 


1.2 


0.5 


7 


1.7 


1.6 


0.9 


0.3 


1.0 


0.6 


a 


1.6 




0.7 


0.2 


1.1 


0.7 




1.6 


1.2 


0.8 


0.2 


1.3 


0.6 


10 


1.6 


l.ia 


0.7 


0.3 


1.0 


0.6 


u 


l.b 


l.lt 


0.9 


0.2 


1.1 


0.9 


12 


2.0 


1*3 


0.6 


0.2 


1.0 


0.5 


13 


1.7 


1.3 


0.6 


0.3 


1.0 


0.6 


lib 


1.1 


1.3 


0.5 


O.la 


1.0 


0.7 


15 


1.3 


1.7 


0.9 


0.3 


1.1 


0.4 


16 


2.3 


1.1a 


0*6 


04a 


1.2 


0.6 


17 


2.0 


X.U 


0.9 


0.3 


X#2 


0.8 


16 


2.0 


1.5 


0.6 


0.3 


1.2 


0.7 


19 


2.0 


1.3 


0.5 


0,3 


1.1 


0.6 


20 


1.7 


1.2 


0.7 


0.3 


1.2 


0.6 


ZX 


1.5 


1.5 


0.9 


0.3 


1.2 


0.6 


22 


1.5 


1.1 


0.8 


0.1t 


1.2 


0.7 


23 


2.1 


1.5 


0.7 


0.2 


1.1 


0,5 




1.7 


14J 


0.7 


0*2 


1.0 


0.7 


25 


2.0 


1.1 


0.9 


0.3 


1.0 


0.6 


26 


1.3 


14a 


0.6 


0.3 


1.0 


0.5 


27 


1.6 


X.U 


0.7 


04a 


1.2 


0.7 


26 


2.0 


1.5 


0.6 


0.3 


1.2 


0.6 


asi 


1.1a 


2.0 


1.0 


0.3 


1.3 


0.7 


30 


1.6 


l.b 


0.7 


0.2 


1.2 


0*6 


31 


2.1 


1.6 


0.9 


0.3 


1.0 


0*7 


32 


2.1 


1.7 


1.0 


0.1i 


1.3 


0.9 


33 


1.6 


1.5 


0.6 


0.1 


1.x 


0.8 


S 


24a 


1*6 


0.7 


0.3 


1.0 


0.7 




2.0 


1.1} 


0.7 


0.2 


1.1 


0.5 


36 


2.1 


1.6 


0.8 


0.3 


1.2 


0.7 


37 


2.0 


1.7 


0.6 


0.3 


1.1 


0.6 


33 


2.2 


1.6 


0.8 


0.2 


1.2 


0.5 


IP 


2.0 


1.8 


0.7 


0.3 


1.0 


0.7 


ko 


2*0 


1.7 


0.6 


0.3 


1.2 


0.7 


70TAIS 


72.2 


58.2 


30.7 


U.5 


U5.la 


27.0 


A7EPA0S 


1.605 


l.la55 


.7725 


.2875 


1.135 


0.61 



Acmt 

VALOS 



1.8C« . 

’%r* 

.00722 



.CO303 



25o 

.00115 .001*^ 
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Fatales « lyojoctloa 



EoadlofiS 


Fabrie #5 51 » li5 

Magnified Intoratices 
Unfits • Width » 


Fabric #6 27 x 26 

l^ignlfiad Int^aticoa 
Length « Width » 


Fabric #7 2l* x 22 

i^aeniricd Intarstlcce 
L««2th • Width " 


1 


1,0 


.8 


7.3 


7.0 


8.2 


7.3 


2 


1.5 


.5 


7.0 


6.6 


7.9 


7.5 


3 


1*U 


.8 


6.9 


6.6 


7.9 


7.1 


h 


X#Ia 


.7 


7.2 


6.7 


9.3 


7.0 


5 


1.3 


•8 


7.3 


7.0 


8.2 


7.5 


6 


1*2 




7.0 


6.8 


7.8 


7.1* 


7 


1.5 


.6 


6.8 


6.5 


7.7 


7.3 


8 


1»^ 


.5 


6.9 


6.7 


8.3 


7.2 


9 


1.3 


.8 


6.9 


6.6 


7.9 


7.1* 


W 


1.2 


.7 


6.8 


6.5 


7.8 


7.0 


n 


1.2 


.6 


7.2 


7.0 


7.7 


7.5 


02 


1#5 


.9 


7.3 


6.i( 


7.9 


7.1 


V 


1.2 


•I 


7.6 


6.5 


8.0 


7 . 1 * 


Z 


Ui 


«o 


7.3 


6.9 


aa 


7.3 




1.3 


*6 


7A 


6.9 


8.0 


7.h 

7.5 


2j6 


1.2 


•I 


7.0 


6.7 


7.9 


17 


1.5 


.8 


7.1 


6.7 


8.2 


7 J* 


18 


1.S 


.7 


7.0 


6.9 


8.2 


7.3 


1? 


1.2 


.8 


6.9 


7.0 


7.8 


7.2 


20 


1.2 




6.8 


6.6 


7.8 


7.5 


2X 


1.3 


.6 


6.9 


^5 


7.9 


7.1 


22 


1.3 


.7 


7.2 


6.6 


8.0 


7.0 


23 


1.5 


.0 


7.2 


6.9 


7.7 


7.2 




1.1 


.9 


7.3 


6.8 


7.9 


7.1* 


25 


1.3 


•6 


7.0 




8.2 


7.5 


26 


1.3 


.8 


6.8 


6.7 


8.0 


7.0 


27 


1.1( 


.7 


7.1 


6.9 


7.9 


7.3 


28 


1.5 


.7 


6.9 


7.0 


8.2 


7.5 


29 


l.b 


•6 


6.6 


7.0 


8.0 


7.2 


30 


1.3 


.9 


7.x 


6.8 


e.i 


7.2 


31 


1.2 


.7 


7.2 


6.6 


7.9 


7 a 


32 


1*3 




7.0 


6.8 


7.8 


7U* 




1.2 


.9 


7.2 


6.9 


7.9 


7.5 


3li 


1.3 


.8 


6.9 


7.0 


8.2 


7.3 


35 


1.3 


.7 


?a 


6.5 


6.1 


7.5 


36 


Uh 


•8 


7.2 


6.7 


8.2 


7.2 


37 


1.5 


.9 


6.8 


6.8 


7.8 


7.0 


39 


1.5 


.6 


6.9 


6.9 


7.8 


7.1 


35 


l«li 


.7 


7.2 


6.8 


8.0 


7.3 


So 


1.2i 


.9 


7.x 


6.7 


8.1 


7.2 


TGTAIO 


5U.8 


30.5 


202.1 


270.2 


329.8 


^91.3 


AVEMOS 


1.37 


.7625 


7.0525 


6.755 


7.995 


7.2825 
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Sfcapio CalculaitlOi# 



1 (») Air oX Uetih tuy I’g^.jecUon 

Using dsta oX 60 x SO - •0070« l^sU 

latersilos Ltasgth Xatsr§ti®« WjUlh Sira Sisaeter 

•c»?a» .oo?o« 

Jkrm OX X iat«ratic« • (*00^a)(.0322i) • .0Cm2lS2 

Jlo. oX iatorsUot* • (60)(S0) * 3000 

% air » 3 ?ac« • ( •00012X52 )(3000)( 100) « 

(b) Osins XoTiEKtla a@tho4 oX {‘bairo X 

% air «p»o« • 1 - CC^H*<^70) + (530K.OO7O) « 
(60KSO)(.0070)2;1 -HsM 

2 (a) Air oX Fatarie by Frojsctlcn Esthod 

Using data oX fabric H » 6? x 73 

latarstloa Length IsiUrstlco Width tarn Xhamtar 
.009^« .OOTTS" *005X* 

Area cX 1 interstice « (.OC^)(*CO'f75) * ,OOQQ7k5$$ ia^ 

«o. of Interstices « (69) (?d) • 5362 

% air space « <.00007li555) (5362) (100) 

(b) Using Xorratla ewthed oX Pbai^ I 

% air space • 1 - £(69)(»0C^) ^ (78)(*0OSX) - 
(69)(?6)(.0051)2^ « B^-02^ 
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FAfiUCS 




F&bfrlo lid* 
ftad 
% 

Air Spft«i 


Air Floy la ft^/ rtV 
QriXloo Aro* 

1 jin? 2 3 




Ko. 1 
y9.$s% 


m 


351* 


SliX 


720 


Ho* 2 
ZlM 


123 


2h$ 


365 


720 


Ho* 3 

3*2l^ 


17 


31 


$u 


103 


Ho. h 
$•62% 


26 


55 


05 


15i* 


Hb. 5 
3.61)^ 


21 


1*5 


63 




Ho* 6 


2h2 


1*7® 


720 


’ « 


m* 7 
h9,m 


207 


Ui$ 


600 


720 



720 



b4!3rond oApKcit^ 



m 
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Discjgsicii Mr cvMCLUsiciiS 

Bat praise tliKi s»tiis4 acsd on tbo five tripe jsesba# 
l«r calculat* % «ir epac» g&v@ rss'JL'U that 'mre varj ooari;^ 
the st» Um results ohiained in Hms& I of tills thesis* 
Listed helow are the cos;parativo tr&luss of ^ &lr spaces 
Table of £ Air Space Cos^ted Use of 



irirt 


hathod of Phaes I 
and Pomtla 


Picjlection kethed and fcrssula 
Soteemtics Bicerwio^ idLa^t^ 


60 X SO 


37.70 


36.U6 


37.70 


30 X 30 


51.12 


51.314 


51.9B 


13 X 13 


U.Ol 


hl.99 


la.iz 


2li X 2h 


3?.7U 


39.99 


39.tih 


120 X 101 


37.50 


3S.17 


38.87 



the favorabla coi^Arlaoii of the ua« of the tao mtboda 
(Forsula and l^iectlon) toa sound basis for proooedlro; to teat 
the fabrics bsr the 2 >roisotion sto'U^xl* Listed belos are tha 
c<»:^?ar«tivtt mines of actual Xlcm through the fabricsi as taken 
frott Tags sv, and the thooratioal flow t^srough the fatales as 
read Xross the plot of (using tlis dotted theoretical 

lint botsoen 0 and air space)* 
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T^JJ 
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F*ljrio 1 optniag 2 3 in2 oponlne St9h iri^cjjaaloc 





Ac tif¥ 


Thoorat* 


Act# 


Tbaenrob* 


Act» 


fhooraU 


Act* 


Theoret* 


1 


r/li 


233 


3Sli 


366 


iU 






« 


2 


123 


130 


2k5 


2&) 


365 


390 


- 


- 


3 


17 


17 


31 


31* 




51 


106 


101 


1; 


26 


20 


55 


$6 


85 


SI* 


151* 


166 


5 


21 


19 


U5 


38 


63 


57 


121* 


U3 


6 


Zh2 


2li7 


1*78 


2*81* 


720 


71*1 


- 


- 


7 


207 


225 


hJkS 


U50 


688 


675 







CAlculAtlng th« % err<jr 

Fithrlc #1 1 ln2 jt Err«r •» 183 - 17U * lu9% 

l2| ' 

2 ia2 Error • 366 3SIi * 3«3J5 

3 in^ % Error • 5l!t9 «• 5hl • 

M 

Slailw calcalattonii for th« oth-^jr six litljirics mjrs raadu* 
Tabulation appears b«lo«r: 



falsrlc 

8o* 


5J arror 

1 ihZ 


^ arrer 
2 ln2 


3 


$ Krror 
5.?1* 1s32 


I 


1**9 


3*3 


1.5 


«» 


2 


5*1* 


5.6 


6J* 


- 


3 


0.0 


3.0 


5.9(-) 


6.9{») 


1* 


7.1 


1.8 


1.2C-) 


7.2 


5 


io.5(«) 


la.i.W 


10.5C-) 


9.7(-) 


6 


2*0 


3.2 


«• 


- 


7 


8*0 


1.1 


1.9(«) 
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Th« (~) sSt 0 T ths X VjTTcr d»ru>tm itotaal £liAr 
gTMkUasr thftn th«or«tlcAl flow, F*bric ^5 ecum to havct a 
cocsiatont cjrror to tlia ainiyj direction ^srhich average* 12.3X* 
Fabric I'S is a peracbuta tjTP<J fabric (see sacgslc on Bage 
and appears to have received vetjr litHo flattanlns of jamo 
as a result of the iateivlacing, corisequcntly «oeao to b« 
thicker. Perhaps the air space {aronnd tha yams theiaaelvos) 
not lyiiig in th© projectod tboorotlcal pl'?.ne 1* of o;iffici6nt 
zsagnltude to peisait an easier passage of air, a graiter 
quantity of air, tJirough th« intexstico* If this air space 
vrsre acttaally to be coasidsred as a factor in predlctine 
thesoroticaX flow, tlis $ air spacs wild thsci bo higher irith 
a corresisondlri^ljr .higher th'^oretical air flow thrcagli the 
fabric. This wuld reduce tins f» on*or for Ffetrlc 15, bringing 
the value closer to 0* 

Catlcalaiing; tb» average % error for the other six 
fabrics as a grottp give* a percentage of IM* 1* a oaall 

per cent error and §emt to he low enough to adequately rapport 
the baeie theory advanced in this thesis for predicting air 

now* 

^ seven fabxlcs «n:re seleetod froa a <proup of 

V 

absolutely unkwm struot’jGre, yam count, finish, or type of 
yam* As stated before, t^e only requisite was that the ends 
and pioka appear solid in structure and that sone seohlanse 



of roguIituriV uz^LTonait^ of laHrorotioo b« orLdent «£!<» 
vioirUzs tho fitbrio \»dor 250 rwjEZdXioatifi^ In otMr 'trotdMt 
ft fMirly ovonicr ooootructod fobrio. w&s solooted* An asc'^^ 
oAXemlotlon of % Mip Apao# throo^ Ui« thoonH;!^ pUm of 
^ faborlo o*n bo laa^ ^s»der tlzio Mi of «oodition«» 



9k 




cc;;Gt.tf3iou3 



3UTH HUSHS 



Th« ccnoloniono of both phftdoo of tho9l« «ro 
ousmrlsatd «o foUovst 
I 

It io po«#ibla to pix4ict withia a yisr/ aliglit oKxs* 
ti» f lor of air viro laeah ratjgirsg troa 20^ to 70J» air 

opaco \r/ tho U8« of the oquaiioa jr * 15~*- X 

rJierct y • air flow in ftS/ft^/jaiu, x « ^ air apac«<. 
fhftga II 

With ooriain restricted eondltlone l^ipooed on th» 
mleotion of fatcdee« na»ely* iaat> and pioke of tha 

fabric appear solid onder Z$0 eagidi'icatian and the int«»^lcea 
i^poar unlfom and regular in their Mitm, it la poeelbla to 
laradict tl^ air flow through a fabric by ualng tba plot and 
avoraje a<%uation rafarrad to abova^ subjaot to a anall pw 
c»tst arror* 
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vcrk <!bnc in UiiM th<^si« htkS been prlsatri!^ 
coceeraod with tsaiforisly cox»tm;tct! fabrics in th* seme that 
the interstices 'wsre ail rtgulsr and of a roctanpfUr or square 
shape. ?hc! next step would bs to investl^tt isaro co:::plicc 
fdbriosi insuring in oadi case that an accurate uetbud of 
calculatica of air space In the tbeoratlcal plane of tha fabric 
has been used* A furUusr su£,gestlon is to use projecticm 
equlti^osnt with lower mgnification and also project tk» iaage 
of the fabric onto a screen so Uiat seTsral Interstices (oven 
for the aor« opm fainrics) oan be seen. 

It seess desirable to Inreotigate acre thc^rougbljr 
the region betwMtn Q$ and air spaco» since nost of the 
csdinsry fatsrlcs fall into this category. 7o aid In this 
investigation perhaps sons finer wire saesh ocald be used. 
Aaotbsr way to approach tJw problea is to actially construct 
a fabric linifornly and with a irodetoii^mcl^ pro><s^ulatod 
air ^aco usii^ a Imnd Ioxm* It is conceivable tJmt hX(^ 
twist zjylcn, pesiAps» could easily be used in such a oori* 
struotlon to bring about the closest sistUs to wire cosh, ^jr 
knowing the count of the i^Xon being used^ and by using the 
air space fcrmla derived in this thesis* the desired nohbor 
of ends and pioks to give a specific air space could bs 
cal c olated end then possibly woven on tho loc«s. 
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ABstmct 



'IMc tbotis presontt & siethod oT pre4lct>i£^ Air £1hm 
tbroa^U worm fabrics of various mtorlalo and of vorlsd 
oonstructlona* A direct relatioaahlp betn««n th« air floir 
and iha % air spAOs though th« thsorsticaZ plum of a fabria 
ran boon (iovolopod. ?o accuratc]4' caXculata S air spaco^ a 
method of projoatlng th« falrie onto a ocroen usix^^ var^ hij^ 
mgnification (2p0) xms osod* flimJlj, vith the a^XI preamsem 
drop of 0*5 trmh of mtor i^poaad across tba fabric (a factcsr 
idilch donotoB streasiUae* noj>»t«rbuIent flo»), and with the 
accurate oalculailon of air apace tl:rough tba t^oaretlcal plana 
of tha fabric^ air flew can bo prodictod unihg a plot and 
or an ammgfi otjuatioa (or fcrjsula) dorlvad ia this Uioalo* 
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taaaaacaaancaaaaa.a'-aaaaaaaaaaaaaaaBaaraaB.aaaB* 

iaisaBtBV»aaBaBD«aaaacaaiBBBaaaaiaa«a aaaaaaBBa 

'"■‘■aaBaBBBaaaaiBBaBiBaaBBBBaBBtaaaaBaBBaaBB* 
aaaeaaaaaaBiaBaaaavaaBaaaaataaaBaBaBanaBa 

laaaaaaKBiiaBrBaasBaaaaaaaaBaaaBaBaBSBaBBP 
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